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DETAILED ACTION 

1 . Applicant's Amendment filed November 09, 2005 has been entered. Claims 1 , 
12, and 14 have been amended. Claims 8-11 and 15 have been canceled. 

2. The amendment overcomes the objection of claims 14 and 16 in the Previous 
Office Action mailed on August 12, 2005. 

Specification 

3. Claims 1 - 7 and 12 - 13 are objected to because of the following informalities: 
Claims 1 - 7 and 12 - 13 are objected to as failing to set forth the subject matter 

which applicant(s) regard as their invention. Evidence that claims 1 and 12 fail to 
correspond in scope with that which applicant(s) regard as the invention can be found in 
the reply filed in November 09, 2005. In that paper, applicant has stated that "The hot 
carriers are injected into and stored on at least one charge storage dielectric layer from 
a drain side of the memory cell, ...", and also in claims 1 and 12, "... injection of hot 
carriers from the drain of the memory cell ... effects programming of the memory cell". 
This statement indicates that the invention is different from what is defined in the 
specification. Because without clearly defining in the claims that the hot carriers must 
be "hot holes", paragraph 0046 has clearly indicated that "The substrate bias 
contributes to the generation and/or acceleration of hot electrons near the drain 
junction." Therefore, according also to applicants 1 disclosure, paragraphs 0040 and 
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0041, these hot carriers (whether primary or even second-impact) are clearly defined as 
the hot electrons, which are "... attracted towards the gate 5 by the gate voltage and 
will be injected near the drain 4 side of the memory device into the dielectric stack 
As a result, the description of the programming mechanism, as disclosed in the 
specification (please read paragraphs 0039 - 0044 very carefully), contradicts to that of 
what are claimed and remarked — hot carriers from the drain side. 

Correction and/or clarification are required in order to overcome this objection. 
For the purpose of Examination, so long the memory cell structures disclosed in the 
prior arts, including the applied voltage conditions, qualify those that are required in the 
claims, they are asserted to be capable of performing the mechanism set forth in the 
claims (with logical interpretations albeit the issues being addressed above). 

Response to Arguments 

4. Applicant's arguments filed November 09, 2005 have been fully considered. 
Below please find the claims rejection responsive to the remarks, in which 

applicant indicated that the charge storage layer of dielectric material, nitride to be 
specific. 

Claim Rejections - 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
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invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

6. Claims 1 - 7, 12, and 13 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Lin et al. (US Pat 6,850,440 B2) in view of Eitan (US Pat 5,768,192). 

Regarding claims 1, 6, 7, and 12, Lin et al. disclose a method for programming a 
single bit nonvolatile memory cell comprising a semiconductor substrate (figs. 4, 5, 7, or 
8, P-substrate) including a source (fig. 4B, source 122), a drain (fig. 4B, drain 114), and 
a channel in between the source and the drain; and a control gate that comprises a 
control gate electrode (fig. 4B, control gate electrode 116) and a dielectric stack (fig. 4B, 
layer 124 and the top and bottom dielectric layers over above and below layer 124. See 
also col. 6, lines 38 - 49, col. 8, lines 36 - 47. Dielectric stack being the Oxide-Nitride- 
Oxide layer), the gate electrode being separated from the channel by the dielectric stack 
(fig. 4B), the dielectric stack comprising at least one charge storage dielectric layer (fig. 
4B, layer 124), wherein the method for programming (col. 3, table 2, under conventional 
CHISEL programming voltages) comprises: 

applying electrical ground to the source (Vsource = 0 Volts); 

applying a first voltage having a first polarity to the drain (Vdrain = 1.1 to 3.3 

Volts); 

applying a second voltage of the first polarity to the control gate (Vcg = 3 to 5 

Volts); 

applying a third voltage having a second polarity opposite to the first polarity to 
the semiconductor substrate (Vpwell/psub = -0.5 to -4 Volts), 
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wherein the first, second, and third voltages cooperatively effect programming of 
the memory cell as a result of injection of hot carriers, at least some of the hot carriers 
being generated by a secondary impact ionization mechanism (see above), and injected 
and stored on the at least one charge storage dielectric layer (col. 1, line 66 - col. 2, line 
4, and lines 52 - 58. See also col. 3, line 15 - col. 4, line 13. By charge trapping layer, 
the floating gate electrode must be injected with the hot electrons and retains— stores 
those electrons in order to be programmed! Also, with the given bias conditions, 
electrons induced from the drain-to-source current that gain sufficient energy, hence hot 
electrons, will jump or inject into the floating gate and trapped— stored therein. See col. 

1 , lines 31 - 42, consequently, hot carriers— energetic electrons may be attracted to the 
gate voltage and jump to the charge trapping layer near the drain side, but definitely not 
from the drain side. Specification paragraph 0041 ). 

Regarding claims 2 and 13, Lin et al. also show the method of claim 1 , wherein 
absolute values of each of the first, second, and third voltages are 5V or less (see table 

2, where all applied voltages have absolute values of 5 volts or less). 

Regarding claim 3, Lin et al. also show the method of claim 1 , wherein a 
difference of absolute values of any two voltages of the first, second, and third voltages 
is 1 .5V or less (see table 2). 

Regarding claim 4, Lin et al. also show the method of claim 1 , wherein an 
effective gate-to-substrate voltage applied by the second and third voltage is at least 4V 
(if Vcg is 3V and Vpwell/psub is -1V, the effective Vgate-substrate is 4V). 
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Regarding claim 5, Lin et al. also show the method of claim 4, wherein absolute 
values of each of the second and third voltages are 5V or less (see above, Vgate- 
substrate is 4V, which is less than 5V). 

Although Lin et al. disclose a method of programming a single bit nonvolatile 
memory cell as disclosed in claims 1 - 7, 12, and 13, except the dielectric stack being 
an ONO stack, wherein a nitride layer is the charge trapping layer, this feature has been 
taught by Eitan (abstract: ONO trapping dielectric). Therefore, it is considered obvious 
to one of ordinary skill in the art, at the time the invention was made, to combine the 
feature taught by Eitan to the disclosures by Lin et al., so that programming time is 
greatly reduced (Eitan: abstract). 

7. Claims 1 -7, 12, and 13 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Bude et al. (US Pat 5,838,617) in view of Eitan (US Pat 5,768,192). 

Regarding claims 1, 2 and 12, Bude et al. disclose a method for programming a 
single bit nonvolatile memory cell comprising a semiconductor substrate (fig. 1 , 
substrate 30) including a source (fig. 1 , source 50), a drain (fig. 4B, drain 70), and a 
channel in between the source and the drain (fig. 1 , channel 80); and a control gate that 
comprises a gate electrode (fig. 1 , gate electrode 40) and a dielectric stack (fig. 1 , 
layers 20, 10, and 60), the gate electrode being separated from the channel by the 
dielectric stack (fig. 1 , gate electrode 40 separated from channel 80 by layers 20, 10, 
and 60), the dielectric stack comprising at least one charge storage dielectric layer (fig. 
1, layer 10), wherein the method for programming (col. 3, lines 30 - 67) comprises: 
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applying a first voltage having a first polarity to the drain (drain-source bias 
voltage Vds less than about 5 Volts); 

applying a second voltage of the first polarity to the control gate (control gate- 
source bias voltage V C s of about 10 volts or less. See also col. 10, lines 17 - 26); 

applying a third voltage having a second polarity opposite to the first polarity to 
the semiconductor substrate ('negative substrate-source bias voltage V B s of about -0.5 
to -4 volts); 

applying electrical ground to the source (since all voltages are with respect to the 
source, inherently, the source acts as reference potential and is virtually at ground), 

wherein the first, second, and third voltages cooperatively effect programming of 
the memory cell as a result of injection of hot carriers generated by a secondary impact 
ionization mechanism (see above), the hot carriers being injected into the at least one 
charge storage dielectric layer (col. 3, lines 31 - 48. Hot carriers are hot electrons, 
which are injected into the floating gate electrode, where they are stored to effect 
programming of the celL See also above). 

Regarding claim 3, Bude et al. also disclose the method of claim 1 , wherein a 
difference of absolute values of any two voltages of the first, second, and third voltages 
is 1 .5 V or less (within the ranges disclosed, if Vds is 4.5 volts and Vbs is -4volts, the 
difference of absolute values of these two voltates is 0.5 volts, which is 1 .5V or less). 

Regarding claim 4, Bude et al. also disclose the method of claim 1 , wherein an 
effective gate-to-substrate voltage applied by the second and the third voltages is at 
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least 4 V (again, within the allowable ranges disclosed, if Vbs is -3 Volts and Vcs is set 
at 1V, the effective gate-to-substrate voltage is 4V). 

Regarding claim 5, Bude et al. also disclose the method of claim 4, wherein 
absolute values of each of the second and third voltages are 5V or less (see above for 
the exemplary condition where effective gate-to-substrate voltage is 4V, which is 5V or 
less). 

Regarding claim 6, Bude et al. further disclose the method of claim 1 , wherein 
the charge storage dielectric layer is positioned between two oxide layers (col. 1 , lines 
36 - 52, wherein 20 and 60 are the two insulator layers). 

Regarding claim 13, since Bude et al. have shown all applied bias voltages each 
having an absolute value of 5V or less, therefore, it is considered inherent that the 
peripheral circuitry comprises circuitry for generating an on-chip voltage having an 
absolute value of 5V or less. 

Although Bude et al. disclose a method of programming a single bit nonvolatile 
memory cell as disclosed in claims 1 - 6, 12, and 13, except the dielectric stack being 
an ONO stack, wherein a nitride layer is the charge trapping layer, as also claimed in 
claim 7, this feature has been taught by Eitan (abstract: ONO trapping dielectric). 
Therefore, it is considered obvious to one of ordinary skill in the art, at the time the 
invention was made, to combine the feature taught by Eitan to the disclosures by Bude 
et al., so that programming time is greatly reduced (Eitan: abstract). 



Allowable Subject Matter 
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8. Claims 14 and 16 are allowed. 
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9. The statement for the Reason of Allowance was provided in the previous Office 
Action, mailing date August 12, 2005. 

Conclusion 

1 0. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. 

11. A shortened statutory period for response to this action is set to expire 3 (three) 
months and 0 (zero) day from the date of this letter. Failure to respond within the period 
for response will cause the application to become abandoned (see MPEP 710.02(b)). 

12. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Ly D. Pham whose telephone number is 571-272-1793. 
The examiner can normally be reached on Monday-Thursday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Amir Zarabian can be reached on 571-272-1852. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 



Application/Control Number: 10/680,878 



Page 10 



Art Unit: 2827 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 



Ly D Pham 
November 24, 2005 




